Background: Very long-term follow-up of oral implants is seldom reported in the literature.
some problems reported in soft maxillary bone 6, 7 and the old Bråne-mark implants showed less good clinical results if loaded prematurely or used in form of short implants. 8 Another problem was reported with Brånemark implants; that of substantial marginal bone loss (MBL) allegedly leading to disease entitled "Peri-implantitis." Roos-Jansåker et al. 9 initially defined disease around oral implants based on bleeding on probing and >1.8 mm of MBL at 9-14 years of follow up; they reported 6.6% of their Brånemark implants with disease. Fransson et al. 10 saw any bone loss after the first year if combined with bleeding on probing and pus to be synonymous to implant disease and reported 12.4% of their 5-20 years followed up Brånemark implants with such problems.
These early reports of disease may not have survived the scrutiny of time, 11 but previous reports have focused on the importance of careful monitoring of implant MBL as one way of documenting their long-term performance. 3, 12 The latter authors reported that a successful implant would maximally lose 1 mm of bone during the implant 0 s first year in function and less than 0.2 mm annually thereafter. Implants losing more bone would not be successful, but may certainly survive and function in the bone of the patient.
The purpose of the present study was to assess the dental implant failure rates and MBL of patients followed up for a minimum of 20 years. By selecting such a long follow up time of implants placed at one specialist clinic in Malm€ o, the included implants are indeed old turned
Brånemark ones (n 5 1,025) and a very small number of turned Astra implants (n 5 20).
| M AT ER I AL S A N D M E TH ODS

| Materials
This retrospective study was based on all 2,670 patients provided with implants, consecutively treated on a routine basis at one specialist clinic 
| Definitions
An implant was considered a failure if presenting signs and symptoms that led to implant removal. Thus, a failed implant in our study is equal to a lost implant. The failures were classified into two types: (1) implants lost due to lack/loss of osseointegration and (2) fractured implants. Primary failures were those occurring until/at the day of the 28 stage surgery (abutment connection).
For the implants that were lost, we considered as severe MBL at example-that, together with other factors, would condemn the permanence of the implant in the site.
| Inclusion and exclusion criteria
Only implants placed in patients followed up for at least 20 years were included. Patients with all modern types of threaded implants with cylindrical or conical design were included. Zygomatic implants
were not included in the study, as well as implants detected in radiographies, but without basic information about them in the patients' files.
A number of 300 implants were randomly selected for MBL. Only implants not lost and with baseline radiographs taken within 12 months after implant placement and with a minimum of 10 years of radiological follow up were considered for MBL. Negative values correspond to bone loss. The marginal bone around the failed implants was also assessed.
| Data collection
The dental records of all patients ever treated with implants in the aforementioned clinic were read in order to collect the data. The data were directly entered into a SPSS file (SPSS software, version 23, SPSS Inc., Chicago, Illinois) as the files were being read. The following data were collected: As the standard protocol in the clinic, the patients' dental hygiene was followed up by a dental hygienist within 6 months after the final implant-supported/retained restoration. Each patient then attended a dental hygiene recall program based on individual needs.
| Marginal bone level evaluation
Reproducible intraoral radiographs were used. When there were no available digital radiographies from the baseline appointment, the analogue periapical radiographies were scanned at 1,200 dpi (Epson Perfection V800 Photo Color Scanner; Nagano, Japan). Marginal bone level (MBL) was measured after calibration based on the inter-thread distance of the Nobel implants (0.60 mm). Measurements were taken from the implant-abutment junction to the marginal bone level, at both mesial and distal sides of each implant, and then the mean value of these two measurements was considered. MBL was calculated by comparing bone-to-implant contact levels to the radiographic baseline examination. The Image J software (National Institute of Health, Bethesda) was used for all measurements. An implant-level model was performed in order to assess the effects of the implant-related and local bone factors on the implant failures, also including health variables. A generalized estimating equations (GEE) method was used to account for the fact that repeated observations (several implants) were available for a single patient. All models were adjusted for clustering of subject and implants in a binary logistic regression model using GEE with a binomial distribution and a logit link function, while assuming an exchangeable working correlation structure. Initially a univariate GEE on each of the variables was performed.
| Statistical analyses
In order to verify multicollinearity, a correlation matrix of all of the predictor variables with a significant odds ratio (P-value cutoff point of 0.1) identified in the univariate GEE was scanned, to see whether there were some high correlations among the predictors. Collinearity statistics obtaining variance inflation factor and tolerance statistic were also performed to detect more subtle forms of multicollinearity. Then a multivariable model with a forced entry method was used to evaluate the effect of the factors that were univariately significant (P < .1) and did not present multicollinearity. A Wald chi-square test was used to analyze the statistical significance of each parameter within the model. The results of the final model were presented as an estimated OR of each significant prognostic variable (P < .05). SPSS software version 23
(SPSS Inc., Chicago, Illinois) was used for the statistical analyses.
| R ESU L TS
Overall, 642 of 10,096 implants (6.36%) failed. A number of 95 men (405 implants) and 132 women (640 implants) were followed up for at least 20 years and were included for analysis in the present study. The Missing information of bone quantity/quality: 2 implants, 0 failures a According to the Lekholm and Zarb (1985) classification, bone quality is broken down into four groups according to the proportion and structure of compact and trabecular bone tissue: type 1 5 large homogenous cortical/compact bone; type 2 5 thick layer of compact bone surrounding a dense trabecular bone; type 3 5 thin cortical layer surrounding a dense trabecular bone; type 4 5 thin cortical layer surrounding a core of low-density trabecular bone. The quantity of jawbone is broken down into five groups (A, B, C, D, and E), based on the residual jaw shape following tooth extraction. Bone classified as 'A' presents the largest amount of bone among all classes, whereas bone classified as 'E' presents the lowest volume of bone. 
months (min-max, 1.2-294.7) after implant insertion. The exact date of failure of 8 implants was not known; these failures were confirmed when these implants were no longer in place in subsequent radiograms.
Nineteen failures happened before the abutment connection. 499 implants were installed in maxillae, of which 92 (18.4%) failed (82 due to loss/lack of osseointegration, 10 fractured implants), and 546 implants were placed in mandibles, of which 39 (7.1%) failed (34 due to loss/lack of osseointegration, 5 fractured implants). Table 1 Seventy-four implants were used for single-crown restorations (3 failed due to loss/lack of osseointegration, 5 fractured implants), 242
implants for fixed partial prostheses of 2-6 prosthetic elements (23 failed due to loss/lack of osseointegration, 4 fractured implants), 25
implants fixed partial prostheses of 7-10 prosthetic elements (7 failed due to loss/lack of osseointegration, no fractured implants), 666
implants for full-arch fixed prostheses (69 failed due to loss/lack of osseointegration, 6 fractured implants), and 33 implants to support overdentures (9 failed due to loss/lack of osseointegration, no fractured implants). There was no information for 5 implants concerning the type of prosthodontic restoration performed.
The univariate GEE model at the implant-level showed that the following predictors had a statistically significant odds ratio at the implant-level (Table 3) : location, bone quantity and quality, the intake of antidepressants, irradiation, the intake of medicaments to reduce the acid gastric production, bruxism, and the type of implant-supported prosthetic restoration. The following factors remained statistically significant in the multivariate GEE model (Table 4) In the last radiological follow up ( was moderately associated to the follow-up time (R 5 20.358,
The marginal bone around the 131 failed implants was also assessed. The radiological follow-up protocol at the clinic did not include the register of a radiogram at the implant placement day, beginning at the abutment connection day only. Thus, it was not able to evaluate the marginal bone condition around some implants, due to lack of radiograms, because they failed before the abutment connection (primary failures). In other cases, some patients received several implants, but the first radiological register of the implants was carried out only after abutment connection. These cases that presented no radiological register of the failed fixtures accounted for 37 implants.
Then, of the 131 lost implants, 86 implants had available radiograms:
131 total implants-8 implants with unknown date of failure-37 implants without radiograms 5 86 implants with radiograms. Twentysix out of these 86 implants with radiograms presented severe MBL. 
| D I SCUSSION
The results of the present study showed that most of the implant failures occurred at the first few years after implantation, regardless of a very long follow up. The regression analysis performed in this study tried to identify the factors that could possibly be related to implant failure. The univariate regression assessed the relationship between each independent variable and implant failure separately, and the multivariate regression assessed the relationship of the variables that were univariately significant to implant failure, controlling for each other.
The negative factors identified by the multivariate GEE model were implant location, irradiation, and bruxism. The improved survival rate of implants placed in the anterior mandible in relation to the anterior maxilla may be related to the usually improved bone quality and greater bone volume found in the anterior mandible, even years after teeth extraction in this region. 14 When it comes to irradiation, it has been shown that it negatively affects the survival of implants, 15 which is 21 These authors 21 followed up what happened to the implants of the study by Fransson et al., 22 and reported that 91.3% of the implants saw no significant further bone loss after another 9.1 years (average) of follow up, that is, a total follow-up in the 20 year range. A total of 95.4% of the implants with progressive bone loss were still functioning as part of support for dental bridges at 201 years of follow-up. Thus, the original bone loss as mentioned in the Fransson et al. 22 paper was not predictive for future ongoing bone loss. Based on these figures, it is obvious that one cannot judge disease on a millimeter report of bone loss. In addition, Coli et al. 23 have recently questioned the relevance of using probes as criteria for disease around oral implants.
The number of unaccounted for implants was quite high in the present report. However, when patients who died or were just referred to other clinics are concerned, these reasons for drop out are unlikely to skew the present analysis. It must be remembered that the Malm€ o clinic originally was the only implant active unit in the region, therefore when new clinics started with implants at a later time, it was quite natural that those clinics took over the controls of some patients.
The total failure rate of the Malm€ o material has been reported to 6.36%. However, this failure rate is presumably greater in reality since some implants controlled at other clinics may have failed too. However, overall oral implants fare quite well, despite some of them seeing MBL of 3 mm of more. Although peri-implantitis was not the topic of the present paper, it is tempting to conclude that the prevalence of peri-implantitis, including ongoing bone loss as a prerequisite, is likely to be rather low.
| CON CL U S I ONS
Most of the implant failures occurred at the first few years after implantation, regardless of a very long follow up. Implants in different jaw locations, irradiation, and bruxism were the factors suggested to affect the long-term survival of implants. MBL can be insignificant in long-term observations, but it may, nevertheless, be the cause of secondary failure of oral implants in some cases. 
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